Adipose-Derived Stem Cells in a Resilient In Situ Forming Hydrogel Modulate Macrophage Phenotype.
Injectable hydrogels have the potential to enhance stem cell-based therapies by improving cell localization, retention, and survival after transplantation. The inflammatory response to both the hydrogel and the encapsulated cells is a critical aspect of this strategy, with macrophages being highly involved in the process of hydrogel remodeling, angiogenesis, and tissue regeneration. As a step toward the development of a cell-based strategy for therapeutic angiogenesis, this work compared the intramuscular injection of allogeneic rat adipose-derived stem/stromal cells (rASCs) in an in situ gelling hydrogel with the injection of the hydrogel alone and rASCs in saline in an immunocompetent rat model by immunohistochemical analysis over 4 weeks. rASCs delivered in the hydrogel were retained intramuscularly at significantly higher densities as compared with cells delivered in saline. The encapsulated rASCs modulated the inflammatory response, promoting CD68+ macrophage recruitment, with the majority of infiltrating cells expressing the M1 marker CCR7, as well as a higher fraction of CD163+ M2c macrophages surrounding the hydrogel. Furthermore, rASCs reduced the initial expression of inducible nitric oxide synthase and promoted arginase-1 expression in the infiltrating macrophages over time, consistent with a shift toward a more proregenerative phenotype. Coincident with the enhanced macrophage infiltration, significantly more CD31+ lumens were observed surrounding and within the hydrogels with rASCs at 2 and 4 weeks as compared with the hydrogels alone. Overall, these results are a promising indication that encapsulated rASCs can have immunomodulatory effects and may enhance angiogenic processes after intramuscular injection, promoting a regenerative macrophage response and blood vessel formation.